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ABSTRACT 
The smart grid is generally characterized as the combination of communications-intensive IT applications with the electric 
power systems. Which is managed by transmission and distribution system operators (TDSOs) outfitting 20th century 
electric grids with 21st century telecommunications technology. The smart grid purpose is to create near-real-time control 
mechanisms that improve the quality of electricity delivery, reduce carbon emissions, manage distributed energy resources, 
provide automated demand response and reduce the cost of electricity to consumers. Smart grid requires a number of 
integrated yet distinct applications that require varying degrees of reliability, latency, availability, throughput and security. 
The wireless sensor network used in the proposed scheme is based on IEEE 802.15.4 link layer technology and the sensor 
nodes have the ability to sense the power consumption and sensor gateway node from each building communicate directly 
with the base station. The main parameters characterizing the data link performance have been assessed and analyzed 
through simulations carried out in the QualNet environment. The result obtained shows as energy conservation in machine 
to machine communication with considering different existing communication technology. The results obtained show as 
rapid-connect packet data, reliable network services and reduced overall infrastructure support requirements of the low 
latency critical data transmission in smart grid. Our consideration is implemented In QualNet environment.  
Keywords:  ZigBee, WiFi, WiMAX, HEMS, HAN, BAN, NAN, QualNet. 
1. INTRODUCTION  
In the present era,  the main deficiency of the 
smart grid communication technology is to real time 
monitoring the data and sends this data to the control 
center which is far away from the monitoring area. 
Transforming the current grid into a dynamic, resilient, and 
adaptable Smart Grid will be one of the biggest 
technological challenges of this time. Main issues are like 
communication delay, cost effective, real time monitoring 
and security. Our work is mainly focus on implement the 
smart grid network to reduce the cost and low latency with 
considering the existing network technology. Here we have 
taken three network such as building area network (BAN), 
neighborhood area network (NAN) and the wide area 
network (WAN). In the BAN data is going to be collect by 
the ZigBee network [4]. Concentrator node work as the 
gateway node and sensors mingle with the home 
appliances which are used to sense the consumed voltage 
by the equipment. Our basically focus is on the machine to 
machine communications in BAN. In the NAN all the gate 
way are going to transmit there data to the GSM base 
station sometimes it have taken as the WiFi network to 
communicate with base station. And the base station is 
going to transmit the data to the control center through the 
public internet. Main focus to design this network is to 
reduce the cost and low latency. In case of traditional wire 
line network cost is very high and more complex one. We 
proposed new concept on wireless technology for low 
latency critical data transmissions.   
2. BACKGROUND  
A smart grid is defined as the electricity distribution 
system that delivers electricity from suppliers to consumers 
using digital technology to save energy, reduce cost and 
increase reliability. Electric power distribution systems 
typically involve the power delivery systems with voltage 
levels. These systems include the branches, nodes, and 
components up to the smart meter at the customer 
buildings [6]. Important features of a smart distribution 
power grid include the deployment of two-way 
communication networks, alternative energy resources 
(renewable generation and energy storage), and smart 
devices (smart switches, appliances and smart meter). 
The smart grid technology enablers to schedule loads at 
the consumer level to save energy, reduce cost, increase 
reliability and help grid operation. In the next few years, 
millions of smart meters, sensors, and automatic control 
devices will be deployed in electric power distribution 
grids down to residential and commercial buildings via 
two-way communication networks [6]. Retail pricing 
schemes, such as real-time pricing (RTP), time-of-use 
(TOU), and critical peak pricing (CPP), are being designed 
by utilities to bring retail electricity prices to end-use 
devices to provide incentives for consumers to actively 
participate in energy efficiency or demand response (DR) 
programs. It is possible to monitor and control the home 
energy  management system by developing smart 
appliances and deploying home area networks (HANs). 
Here we present the latest and suitable technology 
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management systems that allow consumers to actively 
participate in grid operation to save energy, lower costs, 
and defer investment on the distribution grid.  
Here we are mostly concentrated towards the residential 
area or home area network (HAN) because the industry 
and the commercial building are aware about the power 
consumption. Smart Home Energy Management Systems 
(HEMS) are bringing the Smart Grid into the Home and 
getting the consumer engaged in electricity conservation. 
Residential Electricity consumption continues to grow with 
peak consumption growing faster than average 
consumption. If consumers can be engaged in a real time 
basis, to avoid peak loads, the capacity utilization of the 
grid can be increased, resulting in lesser investment in new 
power plants and establish the green world. 
There are six key priority functionalities of the Smart 
Grid: (1) advanced metering infrastructure; (2) demand 
response; (3) electric vehicles; (4) wide-area situational 
awareness; (5) distributed energy resources and storage; 
and, (6) distribution grid management [1]. 
A.  Communication requirement for smart grid 
Communications requirements of power grid and other 
entities involved in the generation, transmission, and 
distribution of electricity will inform the development of 
the nation’s Smart Grid policies. Smart grid has many new 
applications for consumers, suppliers, utilities, and others, 
and it will be composed of many vast, interrelated systems. 
One of the key technology areas of the Smart Grid is 
integrated two-way communications, which allows for 
dynamic monitoring of electricity use as well as the 
potential for automated electricity use scheduling. 
Many communications and networking technologies 
can be used to support Smart Grid applications, including 
traditional twisted-copper phone lines, cable lines, fiber 
optic cable, cellular, satellite, microwave, WiMAX, power 
line carrier, and broadband over power line, as well as 
short-range in-home technologies such as WiFi and 
ZigBee. In this paper we compare different technology for 
energy conservation. The Smart Grid applications  that 
might be built on such communications technologies 
include neighborhood area network (NAN), home area 
networks (HAN) and building area network (BAN), 
enhanced substation supervisory control and data 
acquisition (SCADA) systems, distributed generation 
monitoring and control, demand response and pricing 
systems, and charging systems for plug-in electric vehicles. 
B.  Smart energy demand  
Smart energy demand describes the energy user 
component of the smart grid. It goes beyond and means 
much more than even energy  efficiency  and  demand 
response combined. Smart energy demand is what delivers 
the majority of smart meter and smart grid benefits [6]. 
Smart energy demand is a broad concept. It includes 
any energy-user actions to: 
•  Enhancement of reliability 
•  Reduce peak demand, 
•  Shift usage to off-peak hours, 
•  Lower total energy consumption, 
•  Actively manage electric vehicle charging, 
•  Actively manage other usage to respond to solar, 
wind, and other renewable resources, and 
•  Buy more efficient appliances and equipment over 
time based on a better understanding of how 
energy is used by each appliance or item of 
equipment. 
All of these actions minimize adverse impacts on 
electricity grids and maximize consumer savings. 
Smart Energy Demand mechanisms and tactics include: 
•  Smart meters, 
•  Dynamic pricing, 
•  Smart thermostats and smart appliances, 
•  Automated control of equipment, 
•  Real-time energy information feedback to 
electricity users, 
•  Usage by appliance data, and 
•  Scheduling and control of loads such as electric 
vehicle chargers, home area networks (HANs), 
and others.  
3. SMART GRID ARCHITECTURE  
Figure 1 shows our considered SG communication 
architecture. In this architecture, the SG power 
transmission and distribution system is separated from the 
communication system. Let us first briefly describe the 
power distribution network (DN), which is delivered from 
the power station to end users through two components, the 
transmission substation (TS) located near the power plant 
and a number of distribution substations (DSs) at the 
consumer side. The TS delivers power from the power 
plant over high voltage transmission lines (generally over 
230 kV) to DSs. DSs, on the other hand, are placed in 
different regions and are responsible for converting the 
electric power to medium voltage levels. DSs then 
distribute this medium voltage-  level power to building 
feeders. To make it usable by consumers, the building 
feeders have to convert the medium voltage level to a 
lower level [2]. 
The above consideration is not applicable for data 
communication because communication links have 
different requirements than the power lines. There exist a 
different network for communicating between homes and 
control centers (CC). Here our consideration is the wireless 
network by which data are going to be transmitting 
between home networks to CC.  
The communication architecture is divided into a 
number of hierarchical networks: the neighborhood area 
network (NAN), building area network (BAN), and home 
area network (HAN) [2]. Figure 2 shows the total 
architecture. For simplicity, each DS is considered to cover 
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can be considered to be composed of a number of BANs. 
On the other hand, every BAN contains a number of 
apartments. The apartment’s equipment is connected 
through LANs, which is referred to as a HAN.  
Neighborhood Area Network (NAN) 
A NAN comprises one or more third-generation (3G) 
base stations and a number of BANs. It is worth noting that 
the 3G framework used for SG communications should be 
separated from the existing ones used for providing other 
services such as the Internet. This should be done in order 
to prevent network congestion. Also, this way it is possible 
to avoid security threats arising from the Internet that may 
have an impact on delay-sensitive SG communications. It 
should also be noted that other modes of communications 
WiMax is possible apart from 3G. The NAN GW can 
monitor how much power is being transmitted to a 
particular neighborhood by the corresponding CC at the 
DS. 
 
Figure 1. A general model of smart grid [3]. 
Building Area Network (BAN) 
Every building connected to the smart power grid 
maintains its own BAN. A BAN consists of a number of 
apartments having HANs. The BAN smart meter/GW is 
typically set up at the building’s power feeder. The BAN 
GW can be used to monitor the power need and usage of 
the corresponding building. In order to facilitate BAN-
HANs communication, Wi-Fi or ZigBee may be used to 
cover the area [4]. 
Home Area Network (HAN) 
A HAN is a subsystem within the SG dedicated to 
effectively manage the on-demand power requirements of 
the end-users. For example, HAN1 connects the equipment 
(e.g., television, washing machine, oven, and so forth) in 
the end user’s apartment to a HAN GW, which, in turn, 
communicates with BAN1. Indeed, the HAN GWs are the 
ones that facilitate M2M communications in the SG 
framework. In other words, the HAN GW of a residence 
communicates with the electrical appliances of that 
residence that features as M2M communication. 
In network architecture, collect power consumption and 
demand status from home appliances using smart meters is 
considered. The status and demand data is transferred from 
the smart meter of each house to the traffic concentrator or 
gateway node. Then gateway is going to forward the data 
to the base station (e.g., WiMAX or 3G). This base station 
is deployed for a particular service area with a number of 
houses. The base station forward packets to the control 
center for processing and storage of data [3]. 
Smart meter: A smart meter is a device used to collect the 
power consumption demand data from home appliances. A 
home area network (HAN) can be established among home 
appliances and a smart meter (e.g. ZigBee or Wi-Fi). 
Concentrator/Gateway:  A neighborhood area network 
(NAN) is established among smart meters of the houses in 
an area to support the HEMS. A NAN has a concentrator 
(i.e., gateway) to collect data packets from smart meters 
using short-range communication technologies (e.g. WiFi 
or ZigBee) [1]. The received packets are stored in the 
buffer of the concentrator. The WAN transceiver of the 
concentrator retrieves a head-of-queue packet from the 
buffer and transmits it to a WAN base station. 
Base station: A base station is in-charge of bandwidth 
allocation for the data transmission of each concentrator. 
After the data packets sent from concentrators are received 
by the base station, they are then forwarded over internet to 
the control center. 
Control center: The control center receives data for 
processing and storage. This data is used to optimize the 
electrical power generation and/or distribution. 
 
Figure 2. SG communications architecture [2] 
4. PROPOSED MODEL 
Sensor node sense the data and transmits it to the 
control room through the base station. There may be 
chanses of the system failuer and system crass or any type 
of critical data arrises, which is important to transmit as 
quick as possible. Generally concentrators are attached 
with the smart meter. It needs to be transmit the data 
toward base station for that it uses CSMA/CA to sense the 
channel in the ZigBee networks in the MAC layer of 
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With using CSMA/CA technology, node transmits by 
sensing the channel. If the channel is busy then it waits in 
the queue till the channel will be free to send. And also the 
oveerhead is occures because of the packet queued to 
transmit.  
Our proposall model is to modifie the queuen for the 
frequent data transmission. We use the priority level of the 
packet. 
Assume that packets are devided in to three priority 
level i.e (1,2,3). Highest priority is going in to the system 
failure or node crashed which in most important to deliver 
the data , second priority is going to the level is assigned to 
the critical data (important data) which need to transmit to 
control room quickly. Lowest priority is to assign for the 
general datapackets. We add another one bit in the packet 
for  description the priority level of packet. Accurdiong to 
priority level packets moves to the front of the queue. Add 
one extra priority bit in the frame. By which mathod 
important data can be transfer quickly as quick as possible.  
5. SIMULATIONS 
We have observed that QualNet network simulator is 
the better option to simulate the smart grid network,  in 
which we can easily setup properties for network. First we 
have created the network scenario and then set all of its 
parameters according to the requirement of networks. 
When we run the program it created five (5) different types 
of files. First one is (.config) file which contains the main 
program of the network and function call to other 
following file contain in the same folder to execute the 
program. (.app)  file contains CBR (Constant Bit Rate) 
traffic properties which are used in the network from one 
node to another node in constant bit rate, e.g [CBR 6 1 100 
512 10s 1s 1M PREFERENCE 0]. (.display) file contains 
which types of data are going to be display in the work 
space and it differentiates with the value true or false,  e.g 
Show NodeId = true. (.nodes) file contains all the nodes 
present in the work space and its co-ordinate position in (x, 
y, z), e.g 1 0 (483.3455, 1356.8460, 0.0000). (.stat)  file 
shows the performance of result of network layer wise, 
which creates after run the simulation file. 
We implemented the machine to machine 
communications with considering the different existing 
technology. The implementations in QualNet simulator and 
compared the existing networks like WiFi (IEEE 802.11), 
Bluetooth (IEEE 802.15.1), ZigBee  (IEEE 802.15.4) in 
machine to machine communication for the smart grid in 
QualNet environment shown the energy conservations in 
figure 3. With considering transmissions range and power 
conservation we conclude to proceed with ZigBee 
networks for machine to machine communications in HAN 
[4]. For that we proposed an idea for low latency critical 
data transmission. When a critical data arise it needs to 
transmit as quickly as possible to the control room.  
 
Figure 3:  Comparisons of power consumption  with existing 
technologies  
We implemented the proposed Idea in the QualNet 
simulator with 500 nodes in 1000×1000 area to find out the 
average delay of the critical data delivery to the base 
station. Figure 4 shows the average delay variations in 4 
round data transmission.   
 
Figure 4: Comparisons of delay to deliver the data to the 
basestation. 
6. CONCLUSION 
Captions  Smart grid communications plays an 
important role in data exchange of a pervasive computing 
regime, and can be adopted in many applications (e.g., 
public safety, energy management, and transportation) with 
objectives to improve efficiency and reduce cost. The 
increase in the growth of the Smart Grids Technology 
could play a strategic role in addressing of communication 
challenges. This requires the development of the 
performance of existing network by modifying the 
protocol, communication channel and distributed system 
according to the smart grid application. In this paper, an 
overview of communications has been given, including the 
motivation, network architecture, and adopted 
communication technologies. We highlight the 
infrastructure of a smart grid and describe the major 
technologies available today for enabling smart grid home 
area communication. We compared the different 
technology and proposed new model for low latency 
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communication technology have opened the door for 
feasible, reliable and cost effective solutions allowing more 
extensive intra and inter utility information exchange, 
diffusion, and open access to a wide range of real time 
information. 
We proposed to implement priority queue in the MAC 
layer in order to transmit the sensed data as quick as 
possible. Data are divided into three parts (i) general data, 
(ii) sensitive data and (iii) high sensitive data. 
Implementation done with the priority level of the data. 
REFERENCES 
 
[1]  Magazine of department of energy communications, 
USA “Communications requirements of smart grid 
technologies” october 5, 2010 
[2]  Zubair Md. Fadlullah, Akira Takeuchi, Noboru 
Iwasaki, and Yousuke Nozaki “Toward Intelligent 
Machine-to Machine Communications in Smart Grid” 
IEEE Communications Magazine, April 2011. 
[3]  Dusit Niyato, Lu Xiao, and Ping Wang “Machine-to-
Machine Communications for Home Energy 
Management System in Smart Grid” IEEE 
Communications Magazine, April 2011. 
[4]  S. L. Ullo, A. Vaccaro and G. Velotto “Performance 
Analysis of IEEE 802.15.4 based Sensor Networks for 
Smart Grids Communications”  Journal of Electrical 
Engineering: Theory and Application (Vol.1-
2010/Iss.3) pp. 129-134, 2010. 
[5]  T. Rahwan and N. R. Jennings, “An Improved 
Dynamic Programming Algorithm for Coalition 
Structure Generation,” Proc. Int’l. Joint Conf. 
Autonomous Agents and Multiagent Sys., pp. 1417–
20,  May 2008. 
[6]  Zhong Fan, Georgios Kalogridis, Costas Efthymiou, 
Mahesh Sooriyabandara, Mutsumu Serizawa, and Joe 
McGeehan, “The New Frontier of Communications 
Research: Smart Grid and Smart Metering” e-Energy 
’10, Passau Germany, apr 13-15, 2010 
[7]  http://en.wikipedia.org/wiki/ZigBee
 